Avocado fruit rots are most commonly caused by five fungi, Colletotrichum acutatum, C. gloeosporioides, Botryosphaeria parva, B. dothidea and Phomopsis sp. These rots are controlled by applying copper fungicides in the field on eight occasions during the season. Alternatives to standard copper fungicides were screened in the laboratory against these five pathogens for inhibition of spore germination and mycelial growth. In total seven fungicides were tested (boscalid, boscalid/pyraclostrobin, three formulations of copper hydroxide, copper hydroxosulphate and dithianon). The effective concentration at which 50% of spore germination or mycelial growth was inhibited (EC 50 ) was calculated for each fungicide. The EC 50 values for spore germination were lowest for boscalid/pyraclostrobin and dithianon, and were ≤ 8.5 μg/ml against all five test fungi. For boscalid/pyraclostrobin all EC 50 values were ≤7 μg/ml. Copper formulations effectively inhibited spore germination by 50% at concentrations ranging from 0. μg/ml to 4 μg/ml, but were less effective against mycelial growth.
INTRODUCTION
Avocado fruit rots are caused most commonly by Colletotrichum acutatum, C. gloeosporioides, Botryosphaeria parva, B. dothidea and Phomopsis sp. (Hartill & Everett 2002; Everett et al. 2007 ). These fungi infect through the sides of the fruit or through the cut pedicel to cause rots that express only when the fruit begin to ripen after harvest. The rots that infect through the side (body rots) are thought to infect the fruit latently throughout the season Coates et al. 993 ) necessitating a constant coverage with fungicide to prevent rots. There is a strong inverse linear relationship between number of fungicides applied and number of fruit affected by both body rots and stem end rots (Everett et al. 2007) .
In comparative trials both in New Zealand and overseas (Willingham et al. 200; Everett et al. 2005) , copper was the most effective fungicide tested in the field. However, there have been concerns raised about the viability of long-term use of copper because of its accumulation in the soil and presumed impact on the environment (Merrington et al. 2002; Zwieten et al. 2004 ). There are several options to decrease copper use: (a) use new improved formulations that require less active ingredient for the same fungicidal effect, (b) alternate copper with other equally effective fungicides, (c) eliminate copper in favour of an equally effective alternative fungicide and (d) utilise cultural control methods. The work outlined in this paper is the first part of a screening programme to laboratory test alternative copper formulations and other fungicides for efficacy against the common avocado rot fungi.
METHODS
A total of seven fungicides were tested. These are listed in Table . Single-spore isolates of C. acutatum, C. gloeosporioides, B. parva, B. dothidea and Phomopsis were grown on Difco  Potato Dextrose Agar under UV and fluorescent lights on a 2:2 hour light:dark cycle at ca 20°C. After 3-6 weeks, spores were harvested in sterile distilled water and the spore concentration adjusted to 0 5 spores/ml with the aid of a haemocytometer. Fungicide stock solutions were made in sterile deionised water to a concentration of 00 and 0,000 μg a.i./ml, by w/v. The appropriate volume of each fungicide stock solution was added to 0 ml of .5% w/v water agar in a 5 cm diameter sterile plastic Petri plate to achieve a range of final concentrations of 0, , 0, 00 and 000 μg/ml. There were three replicate plates per concentration. An aliquot of 00 μl of spores (0 5 spores/ml) was placed on the surface of each Petri plate. After 4 h at 20°C, the total numbers of spores in three microscope fields at a magnification of x 00 were counted and the number of germinating spores was recorded (ca 20 spores per microscope field of view). Percentage spore germination per plate was calculated using the mean of three fields of view. At high fungicide concentrations, spores were stained with cotton blue to facilitate visualisation.
Fungal cultures were grown as for the spore germination tests, but mycelial plugs were removed from the edge of actively growing colonies (-2 weeks of growth) with a sterilised 5 mm diameter cork borer and placed on Difco ® potato dextrose agar (PDA) amended with the test fungicides (poison plates). Mycelial diameter was measured every -2 days for 0 days and plotted against time. Comparisons were made on the basis of mycelial growth rate, in mm/day, for the linear phase of the fungal growth curve. There were three replicate plates per treatment.
The concentrations at which 50% of spores failed to germinate (EC 50 ) were calculated by the following method. Logit transformations (logit=ln{p/(-p)}) of spore germination (as a proportion of germination on unamended agar) and mycelial growth (as a proportion of growth on unamended media) averaged over the three replicate plates were plotted against the logarithmic transformation of fungicide concentration to linearise the response. The slope of the linear portion of the transformed data was calculated by linear regression. The EC 50 was calculated from each linear regression equation for Y=0, that is the logit for P = 0.5 or 50%. A constant value of 0.0 was added to non-transformed data to enable 0 and 00% values to be used in the calculations. 
Statistical analysis
The linear regression model and the data manipulation functions of MINITAB (version 9.0) were used for data analysis. The ORIGIN (version 7.5) graphical package was used for drawing graphs.
RESULTS
The fungicide that consistently and most effectively inhibited spore germination for all fungi tested was boscalid/pyraclostrobin at a concentration of 7 µg/ml and below (Table 2) . Dithianon was the next most effective fungicide at a concentration of 8.5 µg/ml or less. The four formulations of copper inhibited spore germination of all the fungi tested but sometimes at high concentrations (viz. 40.9 µg/ml for Kocide  3000 against C. gloeosporioides). The copper formulation that was effective at the lowest concentrations against spore germination of B. parva was Champ DP, the most effective against both species of Colletotrichum was copper hydroxosulphate, and the most effective against B. dothidea and Phomopsis sp. was Kocide  3000. Boscalid/pyraclostrobin was the most effective fungicide inhibiting mycelial growth at a concentration of 0.-0.8 µg/ml (Table 3) . None of the other fungicides tested was effective at concentrations of this order. 
DISCUSSION
The aims of this experiment were to find fungicides that are more effective against avocado rot fungi than the industry standard, copper, and to find copper formulations that could be used in lower amounts to control avocado rots in the field. Both results could lead to reduced use of copper fungicides in avocado orchards and consequent benefits to the environment (Merrington et al. 2002; Zwieten et al. 2004) .
In this series of in vitro tests, there were differences between the copper formulations. Although Kocide  3000 was expected to be a superior product because of its more finely milled particle size, overall it did not perform as effectively as Kocide  2000DS in spore germination tests. The copper formulations differed in effectiveness against each of the five tested fungi, but overall Kocide  3000 most effectively inhibited mycelial growth. Different copper formulations inhibited spore germination of different fungal species to varying degrees. For instance Champ DP was the most effective fungicide against spore germination of B. parva, copper hydroxosulphate against both species of Colletotrichum, and Kocide  3000 against B. dothidea and Phomopsis. It was therefore difficult to ascertain which copper formulation was most effective at inhibiting spore germination.
The concentration of copper recommended for field use for controlling postharvest rots of avocados is in the order of 000 μg/ml. This is clearly well in excess of the concentration of copper required to inhibit spore germination for all five avocado pathogens tested, and for most formulations of copper is sufficient to inhibit mycelial growth. For the other fungicides, recommended field rates range from 26 μg/ml for dithianon to 300 μg/ml for boscalid. These estimates are based on recommendations for other crops. These field rates are far in excess of EC 50 concentrations for spore germination determined in the laboratory. Boscalid is not recommended to be tested alone in poison plate tests using PDA (Spiegel & Stammler 2006; Stammler & Speakman 2006) , and for this reason field rates of this fungicide may also be in excess of concentrations required to inhibit mycelial growth.
In vitro tests do not always accurately predict the performance of fungicides in the field (Everett & Neilson 996; Everett et al. 2005) . For instance, fluazinam was the most effective fungicide using these in vitro techniques against all five avocado pathogens, but it did not control postharvest rots when applied in the field (Everett et al. 2005) . However, poison plate tests and spore germination tests are commonly used as preliminary screening tests for fungicides (Corden & Young 962; Anahosur et al. 977; Sharma & Mohanan 990; Everett & Neilson 996; Everett et al. 2005) . These tests are useful for eliminating fungicides that are not likely to be effective in the field. More recently fungicides can have specific requirements for testing. The method recommended for testing the performance of boscalid and pyraclostrobin is a spore germination method in microtitre plates (Spiegel & Stammler 2006; Stammler & Speakman 2006 ), but it is not known if other fungicides will also perform well in this test.
On the basis of these tests, the fungicides boscalid/pyraclostrobin and dithianon have good prospects as alternatives to copper for the control of avocado fruit rots. However, previous laboratory and field fungicide screening has demonstrated that the results of laboratory tests have not necessarily been reflected in fungicide field trials. The most promising fungicides identified in this study will be further evaluated using detached fruit tests, before being evaluated in the field.
